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Before dealing with this problem it will be necessary to define another
term which will be frequently used in this book.

Suppose we have a body that is capable of rotating about any axis
AB which need not necessarily pass through its centre of gravity. Take
any small portion of the body of mass m and distance r from the axis,
and consider the expression mr*. This will vary according to the position
of the particle, being greater the farther it is from the axis and vice versa.
Now suppose we could take the sum of an infinite number of these
products mrz so that we included the whole of the body in the summation,
the result is known as the moment of inertia of the body. It is inde-
pendent of the angular velocity and indeed has no connection with it ;
every body possesses a moment of inertia about any line which may be
considered, but it possesses moment of momentum only when it is
rotating. The moment of momentum or angular momentum is found
by multiplying the moment of inertia, usually denoted by /, by the
angular velocity, &>. It will be seen that when the mass of a wheel is
concentrated in its rim its moment of inertia is simply the mass of the
whole rim multiplied by the square of the radius, assuming that the
moment of inertia is reckoned round a line through the centre at right
angles to the plane of the wheel. Its angular momentum is the product
of the last expression by o>, and this merely gives the result that we
obtained previously for this simplest of all cases.

When we have obtained the value of the summation mr* for the
whole body, if the total mass of the body is M it is possible to find an
expression Mkz which is equal to this summation. The symbol k denotes
a length and is called the radius of gyration of the body.

A simple example of the above will now be given and it will be
shown how the moment of inertia can be easily found from elementary
integral calculus.

Take a thin rod AB of length /           x     ^ _

units and mass [i per unit length.   A            f"      5                     B

Find its moment of inertia about
a line drawn from one end A per-

pendicular to  its  length  (see  Fig.                 middle point O.

1.9).

Take any point P on the rod at a distance x from A. The mass of
a small element dx at P is pdx, and multiplying this by the square of
its distance from A, the moment of inertia of the small portion is yjc*dx.
Hence the moment of inertia of the whole rod is

J

= l/3pL/3 = l/3tiH2 = 1/3M/2 if M is the mass of the rod,

because M = \d.

From the definition of k previously given it is obvious that k2 = /2/39
or k = 7/V3.

If the moment of inertia of the rod is required about a line through
O, its middle point (see Fig. 1.9), we can deal with each half separately.
The moment of inertia of the portion OA about this line is the mass of
this portion multiplied by one-third of OA squared, and similarly for the
portion OB. Hence the total moment of inertia is twice the above, or
the mass of the whole rod multiplied by one-third the square of half its
length, that is MF/12.